INTRODUCTION

Finite elements method (FEM) is becoming the standard tool for power transformers design and analysis
.This is due to the availability of numerous FE simulation packages which simulate the transformer fully including electrically, magnetically and thermally [cf 6 ] whereas present volume integral equations approach provides only a limited simulation of the transformer [1] . Two dimensional and three dimensional finite element modeling of power transformer have been used to analyze the leakage field, eddy current loss in the winding [2] , the stray loss [3] , the tank losses [4] , and the eddy currents in core laminations [5] ,….. 
However, the direct application of FEM is faced by computational difficulties on presently available PCs. This is due to the very large amount of data and the associated numerical problems needed to model the details of three phase power transformers .This is required to compute the transformer deign parameters such as load losses, no load losses and short circuit reactance .This necessitates the use of large and expensive mini computers. The present paper deals specifically with the computation of load losses in power transformers (Ohmic, eddy, stray, and tank losses).This is the dominant loss component of the transformer total losses. It is also the most difficult to
APPROACHES FOR FINITE ELEMENTS
ANALYSIS OF LOAD LOSSES USING PC's
The problem is to calculate the Ohmic, eddy current and tank losses using the available FE software Ansys [6] : Ansys harmonic analysis can represent coils by 2 schemes: 1-Stranded coil type, in which the coil is represented by its whole area (two dimensional) or its whole volume (three dimensional), the number of turns, the length in z-direction (for two dimensional) and the fill factor which are the inputs to represent this type without any details of the conductors. In this scheme, only the Ohmic losses are calculated and there is no means to calculate the eddy losses. 2-Solid coil type: In this type the coil is considered with its real dimensions either in two dimensional or three dimensional but the software cannot represent helical shapes in three dimensional which are the actual shape of transformer winding, the coils may be modeled only as rings. In this case the computed losses are the summation of the Ohmic and eddy current losses. The solid coil gives accurate results but is very time consuming, while the stranded coil type gives less accurate results but is much less time consuming. Only the solid coil type provides the eddy current losses, but the stranded coil can be used to predict the magnetic field efficiently. There are two options for the loading of coils in Ansys: Sources are supplied to coils either by applying it to the finite element domain directly or by external circuit, and in this case we have to interlink the finite element model by the external circuit model to obtain correct simulation.Loads like resistors, inductors…etc, are applied via the external circuit and in this case the coil sources are modeled by the external circuit only. Because of the considerable difficulty (computational time wise and storage wise) to represent the whole transformer directly by solid conductors in calculation of eddy losses, in either two or three dimensional models no present FE package can give the total eddy current loss directly on available PCs. Three different iterative decomposition procedures are proposed to overcome this difficulty.
The Vector Potential Approach (A z ):
This model is done in two dimensions and the solution is obtained in two steps: The first step: The transformer model is solved using the stranded coil type without any details of sub conductors .The coil mesh is predefined manually by dividing the coil length and width into equal lengths, such that every number of equally divided elements corresponds to certain number of turns. The importance of dividing the coil length into equally spaced elements (the element shapes are quadrilaterals) is to facilitate the handling and the processing of results. The second step: A second model is built in which a certain number of turns are considered alone (in the absence of the rest of the transformer) with their real dimensions. The sub conductors of every turn are simulated by the solid coil type. The A z boundary condition is applied on a closed contour surrounding the conductors with their real dimensions. For the successive parts of the winding the values of the vector potential obtained from the first step are specified as given boundary values for the second simulation. Every side of the low voltage and the high voltage windings has its own model. A solution is obtained for the total losses in the considered region and the process is repeated until all the winding is covered.
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The Disadvantages of this Approach are: a) More than one simulation is needed to get the solution. b) To get accurate results the number of nodes on the contours should be increased, consequently the preparation type of data increases. c) Cannot be used in the three dimensional model.
The Current Sheet Approach:
The approach is done through 2 steps. The first step is the same as the vector potential approach. The second step: A second model is built in which a certain number of turns are modeled with their real dimensions. Then this region of the winding is exposed to an equivalent magnetic field intensity produced by a current sheet. The sub conductors of every turn are simulated by the solid coil type. The solution is obtained and the process is repeated until all the winding is covered. Every side of low voltage and high voltage has its own model.
The advantages and disadvantages of this approach are:
a) The current sheet produces magnetic field intensity in a fixed direction which does not vary with time, and this case is valid only in the middle regions of the winding where the axial component dominates the radial component, so the end regions cannot be modeled by this method. b) More than one simulation is done to get the solution. c) Short data preparation time compared with that of vector potential.
The Composite Model Approach:
In this approach both the stranded coil and solid coils options are used simultaneously in the same simulation. The winding in this case is modeled as a combination of both the stranded and solid coil types simultaneously. A certain region of the winding is modeled with its real dimensions in which eddy current losses are to be calculated and the other part of the winding is stranded type (no eddy currents). The simulation is repeated until all winding is covered.
The Advantages and limitations are:a)It gives the actual modeling of the transformer and is valid for any region in the winding (at ends or middle). b) Short data preparation time compared with that of current sheet.
c) The eddy current losses are calculated in the same simulation without need to other simulations.
d) The number of strands in the actual part of the winding is limited by the PC storage.
RESULTS AND DISCUSSION:
The three proposed approaches have been applied to two designs (D1 and D2) of already built 25MVA, 66/11 KV power transformers. The main data of the two designs are summarized in table 1. The approaches have been applied to compute the total load losses in the two designs using presently available PCs (Pentium 4, 2.8 GHz). Table 2 compares the preparation time, the CPU time and the results obtained for the eddy current losses in the axially middle region of phase 1 of design 2 (where the magnetic field is nearly all axial and the three approaches can apply).It is seen that the composite model approach yields accurate without needing excessive preparation time. 1) The composite model in the end regions and the current sheet approach in the middle regions.
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2) The composite model is applied all through the winding. The results above show that using the composite model yields accurate results with limited preparation time and computational time on present PCs.The preparation time may be shortened using macros in Ansys. The distribution of the magnetic field across the winding is shown in figure1 for design 1 at the instant t = 0 (current in phase 1, to the left, is maximum).
F Figure 1 The magnetic field intensity at t = 0
Figure2 shows a magnified picture of the magnetic field distribution near the lower end of the winding of phase 1 at the same instant. Figure 2 The magnetic field intensity in phase 1 at t = 0 Figure 3 shows the axial variations of the percentage ratio between the radial and the axial magnetic fields for the two designs D1 and D2 at the same instant. .
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1)The magnetic field is nearly completely axial in the (axially) middle region of the winding height. Over nearly the middle 60 % of the winding height, the ratio between the radial and axial magnetic fields is less than 10%.This is the condition usually assumed to prevail over all of the winding height in the approximate (analytical) models of the leakage magnetic field and consequently the conductor dimensions in the radial direction are reduced to a minimum to limit the eddy current loss in the conductor.
2) Near the ends of the winding (in the axial direction), nearly 20% of the winding length on each side, the radial magnetic field increases rapidly exceeding the axial component. This high radial magnetic field transverses the winding conductors in the "wrong" direction i.e. hitting the long side of the conductors resulting in much higher eddy current losses as clearly demonstrated in figure 4 .The figure shows the axial variation of the Ohmic loss and the sum of the eddy and Ohmic losses for phase 1design2 the low voltage winding in two layers. The local peaks are associated with the presence of 12 cooling ducts along the height of the windings .It is seen that to minimize the eddy losses, and for a given conductor cross sectional area, a compromise has to be achieved between height and width. 
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CONCLUSIONS
1.The results show the finite element modeling of load losses with the proposed approaches agrees with measurements to within less than 1% (for design1) as compared with nearly 15% for the results based on existing design formulae in the eddy current loss in the design formulae . 2.The difference between the finite element results and the empirical formulae results for the load losses is nearly 14% for design 1 and 1.4% for design 2, which is an improved design. The difference in the eddy losses however is 67% and 53% respectively. 3.The finite element modeling of the power transformer using PCs through the proposed approach (composite model) can provide accurate results (as compared with traditional design formulae) on which the design and analysis of the transformer can be based.
